The aim of this paper is to compare edible mushroom availability between the two slopes of La Malinche National Park in central México, and to discuss the possible relation between their availability and traditional use. Eight transects were set up. Samples were collected weekly during the rainy seasons of years 1998-2000. Sixty-one edible mushroom species were collected from a total area of 3200 m 2 (0.32 ha). Over the three-year period, the diversity of mushrooms ranged from 21 to 28 taxa per transect line. Sporocarps were produced at a rate from 2.06 to 6.05 kg/401.51 m 2 . The highest species richness and production values for spatio-temporal frequency were obtained in Southeast slope. Edible mushrooms availability in the Southeast slope showed a strong dominance, driven mainly by Laccaria trichodermophora and Hebeloma mesophaeum. The Southwest slope had more diversified availability in time and space, with the most representative species, being L. trichodermophora. The characteristics of traditional management on each slope determined the differences found.
Introduction
"La Malinche" volcano (altitude 4460 m) is one of the most important mountains in central México. Located in the Trans-Mexican Volcanic Belt, in the southern part of the state of Tlaxcala, it has been considered one of its eldest mountains (INEGI 1986 ). Most of its forests are protected as a National Park. However, timber and nontimber forest products are extracted as part of the subsistence strategy of local communities. People gather firewood, edible and medicinal plants, seeds, and moss and mushrooms and hunt small preys [1] . 226 species of macromycetes have been listed [2] , 93 of which are used by local people as food, fuel, cosmetics, medicines, and insecticides [2, 3] . In the surroundings of 2
Journal of Mycology
It has been proposed that the volcano is regionalized into two cultural areas, based on the different valuations of mushroom species. There are several differences in the uses of the forest. In Javier Mina, a community located on Southeast slope of the volcano, 73.5% of the total population collects and sells mushrooms every year [4, 5] . In the Southwest slope, in San Isidro Buensuceso, 21% from a total of 220 persons sell wild mushrooms [4, 5] . Available information shows that mushrooms are used and granted value by people from both slopes; however, the use and importance of particular species are different in both sides. Nevertheless, there is scarce information about ecology parameters such as the fruit body production [8] and their relation with mushroom traditional use. The aim of this paper is to compare wild edible mushroom availability in the two slopes of "La Malinche" volcano and to assess the possible relation between availability and traditional use.
Materials and Methods

Study Area. La Malinche National Park is located between northern latitudes 97
∘ 55 and 98 ∘ 08 and between western longitudes 19 ∘ 20 and 19 ∘ 08 . The local climate is temperate subhumid with a rainy season in the summer [C(w 2 )(w)]; the pressure/temperature ratio is 41.9 and there is little annual variation in average monthly temperatures, with fluctuations between 5 ∘ and 7 ∘ . The annual mean temperature is 15.3 ∘ C. May is the hottest month (mean temperature = 17.7 ∘ C) and January is the coldest (mean temperature = 11 ∘ C). Over 4000 m, weather tends to be very cold, type E (T) H, with temperatures under 0 ∘ C in the coldest month [9] . There are three main vegetation kinds: a forest dominated by P. hartwegii in higher altitudes; a forest dominated by Pinus montezumae and P. teocote mixed with Alnus jorullensis, Quercus laurina, and Q. crassifolia in lower altitudes; and an Abies religiosa forest sometimes mixed with individuals of P. montezumae, P. hartwegii, Salix cana, S. paradoxa, and Juniperus monticola in some gullies.
Sampling.
Eight sample units (SUs) were established for this study (Table 1) . Four SUs (1) (2) (3) (4) were placed in Southeast slope (4-7 km west of Francisco Javier Mina) and the other four (5) (6) (7) (8) in the Southwest slope (6-7 km north of San Isidro Buensuceso) (Figure 1 ). SUs were placed in locations usually visited by mushroom collectors. This had the purpose to reproduce not the natural production of mushrooms but their real availability, since there is a strong competition among mushroom collectors. To reduce the impact of mushroom collection in our data, transects were always visited as early as possible.
The SUs were sampled at one week intervals during the rainy seasons (July to October). Both areas were visited during three years, from 1998 to 2000; SUs 1-4 (Southeast slope) were visited 40 times, and SUs 5-8 (Southwest slope) were visited 37 times. At each visit, all fruit bodies were counted, picked up, and weighed, to avoid double counting at the next visit. At least one sample of each species was taken to the laboratory, processed as a voucher specimen for identification, and deposited at TLXM herbarium.
Each SU was composed of two parallel transects of 250 m each. Both transects were separated by a 50 m distance. Transects were permanently marked every 5 m, using sticks surrounded by black pieces of plastic on one side. We had a total of 100 sampling plots on each SU. Each plot had a radio of 1.13 m and a total area of 4.011 m 2 [10] . The total area sampled each year was of 3,200 m 2 . Edibility of each species was determined through local information, literature from the area [3] , literature from Méx-ico [11] , and literature from other parts of the world [12] . The complete list of the material reviewed was published previously by Montoya et al. [3] .
Data Analysis.
Species richness was determined by the number of species registered in each SU. Abundance of fruit bodies was defined as the number of fruit bodies of each species in each SU during the three-year period. Production was calculated as the total fresh weight of each species. Biomass was calculated by measuring the dry weight of each species (fruit bodies were dehydrated at least 24 h at 105 ∘ C). Spatiotemporal frequency was calculated as the sum of the number of sampling plots where a species was found in each sampling date. Spatial frequency is the number of different plots in which a species was found during the three-year period in each SU. Spatial frequency was categorized in exponential classes: very infrequent (1-3), infrequent (4-9), frequent (10-21), very frequent (22-45), and extremely frequent (46-100). We looked for statistical differences in fruit body abundance and fruit body production between the two slopes. For this purpose, either the total number of fruit bodies or the total fresh weight in each SU (8) was considered as independent observations, while the data in each SU along the years (3) were considered as repeated measures, having twelve observations per slope. Means were compared by a bifactorial ANOVA for mixed designs in STATISTICA10 [13] . Availability of each species was determined by means of its ecological importance value, which equals the sum of its relative abundance, relative spatiotemporal frequency, and relative production [14] .
Similarity between the SUs, according to their species composition, was computed using the species spatiotemporal frequency. A distance matrix was built, where rows corresponded to the species and columns to the eight SUs. The correlation index (Pearson product moment) was computed and SUs were clustered with the UPGMA method; then, the cophenetic value was computed. An ordination of the eight OTUs (=SUs) in a multidimensional space of characters was made by means of a Principal Component Analysis (PCA). Analyses were done in NTSYS-pc [15] . The diversity was calculated by using the Shannon-Wiener index. Since it is not possible to know the number of individuals, fruit bodies were counted and, instead of using abundance rates, spatiotemporal frequency was used. These analyses were done in the past software, version 2.16 [16] .
Results
Species Richness.
During the three sampling years, 61 edible mushroom species were found (Table 2) : 48 species in the Southeast slope and 49 in Southwest slope. The species belonged to 37 genera. Fifty-one species were Basidiomycetes and the best represented families were Russulaceae with 9 species and Amanitaceae with 5 species. We identified 9 Ascomycetes, the family Helvellaceae being the best represented, with 4 species. 44 species were mycorrhizal, 15 were saprotrophs, and 2 were parasitic.
During the three years of sampling, the highest species richness was found in the Pinus-Abies forest (SU2 and SU6) and the lowest value was observed in the Pinus forest (SU7) of the Southwest slope. Despite the sampling year, the highest species richness was always observed in the Pinus-Abies forests (in 1998 at SU6; in 1999 at SU1 and SU5; in 2000 at SU5, SU6, and SU8). In 1999, a Pinus forest (SU3) located in the Southeast slope also showed a high species richness. The presence of different tree host species offers more possibilities to find a higher diversity of ectomycorrhizal mushrooms and more substrates for saprotrophic mushrooms. Likewise, microhabitats, produced by the soil humidity and mosses associated to Abies, produce several differences for the mushroom community.
Species Although the mean of fruit bodies produced in the Southeast slope (256.83 fruit bodies/SU year) doubled those produced in the Southwest slope (114.42 fruit bodies/SU year), no statistical differences were found between slopes ( (1,18) = 3.77, = 0.06), nor between years ( (2,18) = 0.291, = 0.750), because of the high standard deviation in the data of Southeast slope (233.882). The interaction between slopes and years also showed any difference ( (2,18) = 1.034, = 0.375).
Production.
Comparing the values obtained for the two areas, higher values (16.10 Kg/3200 m 2 ) were found on the Southeast slope, L. trichodermophora being the most productive species, whereas, on the Southwest slope (13.44 Kg/ 3200 m 2 ), S. coronaria showed the highest values. The total fresh weight recorded at the SUs during the three-year period was 29.54 Kg/3200 m 2 ( Table 2 ). This amount means 92.10 Kg/ha/3 years of edible wild mushrooms. SU3, located in a Pinus forest, had the highest values of fresh weight. Year 2000 had the greatest production of edible mushroom fresh weight.
The Figure 2 shows a greater diversity of species with considerable availability. These were present in space and time in a differential way. As well as in the Southeast slope (Figure 3 ), the significance of L. trichodermophora stands out. In this case, S. coronaria, because of its consistency, showed high production values considering its low abundance.
The availability of species measured by the ecological importance value did show remarkable differences between the two slopes. The Southeast slope has two dominant species: L. trichodermophora and H. mesophaeum. The other species registered on this area showed low values, suggesting their scarce availability in the three sampling years. L. trichodermophora was very abundant; it was widely distributed in the said space and time. In contrast, its production was not very high because of the size of its fruit bodies. It is interesting to notice that mushrooms as B. pinophilus have relatively high values of production due to the consistence and size of their fruit bodies, despite their low abundance and distribution in time and space. These characteristics contribute to the increase of the high production values in the Southeast slope. Figure 4) shows the similarity between SUs based on the values of the spatiotemporal frequency of species. Two main clusters can be observed. The first is composed of three SUs, two from the Southwest slope (SU6, SU8) and one from the Southeast slope (SU1). The two most similar SUs of this group are SU1 and SU6 and are related to SU8; half of SU1 and all SU6 are located in an Abies forest and SU8 which is the most different SU is in a mixed forest. The second cluster includes SU2, SU4, SU7, and SU3, three of them from the Southeast slope, and SU7 is from the Southwest slope, all of which are set up on Pinus forests. SU2 and SU4 are the two most similar. SU3 is the most different within this group. SU5 is the most different of all SUs.
Similarity. The cluster analysis (
As shown in Figure 5 , the results of PCA provide a sharper definition of the different clusters described above. The results of PCA indicate that the species that contributed to cluster formation (which have a loading >0.7 on the first two PCs) were M. aff. melaleuca, L. trichodermophora, A. basii, H. mesophaeum, C. cibarius, and C. amianthinum in PC1. A. vaginata, Geopora sp., G. dryophilus, G. infula, M. elata, and S. coronaria in PC2 are all absent from SU3. The first two Principal Components explain cumulatively 44.9% of data variation.
The representation of the OTUs in a three-dimensional space of characters ( Figure 5) shows that SUs studied are closer to one another by vegetation type. In the clusters formed by these SUs, it is possible to identify subgroups, according to the species of edible mushrooms present or absent. Sampling units 1 and 6 showed 17 species in common, some are characteristic of Abies forests, for example, C. which are mushrooms associated with Pinus forests (e.g., A. franchetii and B. pinophilus). SU 5 was the most different; it had two exclusive species (Geopora sp. and S. coronaria) and is located higher in altitude than other SUs. Comparing information obtained for both slopes of La Malinche National Park, the highest values, in all parameters considered, were observed in the Southeast slope. However, we did not find statistical differences.
3.9. Diversity. Based on the abundance of fruit bodies, the Shannon-Wiener diversity index ( ) in the Southeast slope was 1.78, with a max of 3.87. in Southwest slope was 3.00, with a max 3.89 . Based on the abundance of plots, was 2.53 for Southeast slope and 3.26 for Southwest slope. In summary, considering the abundance of fruit bodies or plots, the greatest diversity values were found in the Southwest. The calculation of the weighted diversity index ( ) showed that both slopes are statistically different with respect to one another ( Table 4) .
The highest value for the Shannon-Wiener diversity index was obtained in SU7 ( = 3.43) located in the Southwest slope, with 21 species. The lowest value of diversity was 
Discussion
The area located in Southeast slope of La Malinche National Park presented the highest values of abundance, production, biomass, STF, and SF of fruiting bodies of edible wild mushrooms, while the values obtained in the SUs located in the Southwest slopes were lower. Southeast slope is an area influenced by mestizo communities, contrary to the indigenous condition in the Southwest region; this is a relevant fact in terms of forest management. The other difference between both slopes, related to the management of mushrooms, is the level of commercialization, which is made in great scale in some communities of the Southeast slope, for example, in Javier Mina, opposite to the Southwest region, where there exists a low-level trade of mushrooms, and in San Isidro Buensuceso, where their use is mainly for self-consumption. By this way, different extractive techniques and uses have different impacts on the availability of mushrooms in the forest areas surrounding the communities [5] .
Both locations had almost the same number of species. In year 2000, higher values were found in all variables measured. With regard to the SUs, the highest values were recorded for SU4 and the lowest for SU1. Highest values in production (fresh weight) and biomass (dry weight) were recorded in SU3. Highest species richness was detected in SUs 2 and 6. Largest number of exclusive species was found in SU8 and SU2. Mycorrhizal fungi were more abundant than saprobes, since families with more species observed were Russulaceae, Tricholomataceae, Amanitaceae, Gomphaceae, and Helvellaceae.
It should be noticed that H. mesophaeum and M. elata had their highest abundance in 1998; this was probably a result of the fires before the rainy season. Fires had a favorable effect in stimulating fruiting and in increasing the number of sporocarps. Moser [17] mentions the carbonicolous habit of H. Most significant species in the Southeast slope have the highest values in production, abundance, and spatial frequency in this area, compared to the same species in the other slope. The same behavior was observed in the Southwest slope. Then, the possibility to make a more comprehensive research is suggested, that takes into consideration the monitoring of ecology of mushrooms for a long period, including the measurement of structural characteristics of vegetation and weather variables. It would also be very important to include the measurement of the impact of harvesting and other traditional management practices as ecological variables. Intentional fires increase the production of some species as H. mesophaeum and Morchella spp., but there is no information of their effect on other species in the area.
Investigations made about the ecology of wild edible fungi in Mexico have used different methods, cannot make any kind of comparisons. However in some forests of Central and Southern Mexico, production values obtained are very variable compared to the present study. We recorded 29.53 kg/3200 m 2 , or 92.101 kg/ha/3 years, and Zamora-Martínez and Nieto de Pascual-Pola [19] reported a production of 76.3 kg/ha/year and, for the other year, 52.4 kg/ha of edible wild mushrooms in a Christmas trees plantation (Abies religiosa) in Topilejo, Mexico. The authors suggest that the annual variations in the production of mushrooms were due to temperature and precipitation, as well as the age of the trees. Also, in the Malinche Volcano, Hernández-Díaz [8] assessed the production of wild edible mushrooms in a pine and fir forest, sampling two permanent plots of 900 m 2 each. There were 35 species of fungi: 28 in fir and 22 in pine.
The total production was 55.50 kg/ha/year of weight fresh. Anahid [20] reported 49 species of wild edible mushrooms in the fir forest of La Malinche volcano, with a production of 27.34 kg/ha/year.
Garibay-Orijel et al. [14] recorded 81 species of wild edible mushrooms in the pine-oak forest of Ixtlan de Juárez, Oaxaca. The production was of 59.01 kg/105,600 m 2 or 5.58 kg/ha/2 years. Availability is very heterogeneous in dense areas within the same forest. Species composition is very different, abundance and production are contrasting. This was not the case with La Malinche where the species composition in both slopes compared was very similar, and the availability of species shows two patterns, few available species in Southeast slope and greater availability of many species in Southwest slope. Both in Ixtlan and in La Malinche, L. trichodermofora is one of the most abundant species. Garibay-Orijel et al. [14] suggest that the utilization of the species must be done using different strategies taking into account their availability.
It is necessary to remark the importance of designing an ecological method more adequate to sample mushroom species. Because of the way that data were obtained with in this study, the real values in all parameters are underestimated. It is possible to say the above, if comparisons are made between the amounts of mushrooms which collectors obtain during their travels. Montoya et al. [21] reported 219.6 Kg of A. basii, in one rainy season, and Pacheco-Cobos [22] showed a value of 2,494 fruit bodies of T. floccosus and 2,066 of C. gibba on 55 fungi search paths with persons from San Isidro Buensuceso. This means that there are considerable differences between those species, for the values found in this study.
On the other hand, climatic conditions are one of the key factors for fructification [23] , and the climatic information of La Malinche volcano suggests several differences between the two slopes. This is important because rain is one of the most important factors that could affect the soil humidity, nutriment availability, and temperature. However, rains have an irregular distribution in the studied area. Comparing the rain regime with the annual average precipitation, it is observed that San Pablo del Monte (in Southwest slope) is the area with more rains with annual values of 942.7 mm. Values in the municipality of Zitlaltepec, located in the East part, are of 800 mm of annual rains. These differences affect the availability of plants and other organisms as mushrooms. Another important weather element is temperature because, depending on its values, it could affect the assimilation of several nutrients, minerals, and water. The lowest temperature in Zitlaltepec is 0 ∘ C during the coldest months, and the maximum temperature is from 20 to 28 ∘ C. San Pablo del Monte is the warmest area, with maximum temperatures from 22 to 28 ∘ C throughout the year, and its coldest temperature is never under 5 ∘ C. Frosts affect negatively the fruiting of mushrooms; this was observed in this study, during three years of collection. In La Malinche, the highest incidence of frosts is registered from November to February, with an incidence of 60 to 80 days per year [24] . In addition, the characteristics of climatic variables in the study area explain the differences found in the two sampled areas. Information about temperature is important because it affects the level of humidity retention in the soil throughout time, with a beneficial effect in the fruiting of some mushroom species. Apparently, mushroom collection did not affect abundance, production, and frequency of mushrooms, even though there were more frequent visits from mushroom collectors in the Southeast slope than in the Southwest region; nevertheless, it would be convenient to test their actual effect, in experimental plots in the park.
Conclusions
The results show differences between the two La Malinche slopes regarding production, abundance, richness, and diversity of edible species of mushrooms. Southeast slope presented, in all variables measured, higher values than Southwest slope. However, the availability of mushroom species in space and time is more homogeneous in the Southwest slope, where it is possible to find more species and better distribution during the rainy season. There are few species that dominate the fruit body production in the Southeast slope. We believe that the management of forests by people of different origins (indigenous in the West and mestizo in the East) and the level of commercialization of mushroom species that are important in each slope, as well as the type of forests with their microenvironments, are determinants of those differences.
